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(54) Combine harvester rotor speed control and control method 



(57) The combine harvester has a threshing and 
separating rotor (56) with a threshing cylinder section 
that cooperates with a concave to thresh crop material. 
A hydraulic motor (86) drives the rotor. A hydraulic pump 
(82), driven by an internal combustion engine (38), sup- 
plies hydraulic fluid to the hydraulic motor to drive the 
rotor. An electronic controller (100) receives a rotor 
speed measurement from a speed sensor and com- 
pares the rotor speed with a selected threshing and sep- 



arating rotor speed selected by an operator of the har- 
vester and stored in the electronic controller. When the 
rotor speed varies from the selected rotor speed, the 
electronic controller sends a signal to a displacement 
control to change the threshing and separating rotor 
speed to approach the selected rotor speed. The dis- 
placement control can reverse the flow of hydraulic fluid 
to the hydraulic motor to reverse the direction of rotor 
rotation. 
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Description 

Technical Field: 

[0001] This invention is in a threshing rotor or cylinder 
speed control system and more particularly in a system 
forcontrolling a rotor speed of an axial flow combine har- 
vester with a hydraulic rotor drive. 

Background Of The Invention 

[0002] Combine harvesters thresh grain by passing 
crop material between a rotating rotor or cylinder and a 
stationary concave of a threshing assembly. The oper- 
ator of a combine harvester can control the efficiency of 
the crop threshing assembly by changing the gap be- 
tween the rotating rotor and the concave, changing the 
rotational speed of the rotor and by changing the quan- 
tity of crop material passing through the rotor and con- 
cave. 

[0003] The operator controls the feed rate of crop ma- 
terial passing through the rotor and concave by control- 
ling the ground speed of the harvester. Normally the op- 
erator attempts to adjust the ground speed to hold the 
feed rate at a level which will maximize harvester ca- 
pacity without overloading harvester components. 
[0004] Rotor speed and the gap between the rotor and 
the concave are two adjustments that are available to 
the operator to ensure that all the grain is threshed from 
the heads, that the quantity of grain that is cracked or 
otherwise damaged is minimized and that the quantity 
of material other than grain to be separated by the sieve 
and chaffer is minimized. These adjustments can be 
made from the operator's cab on some combine har- 
vesters. 

[0005] Adjusting the gap between the rotor or cylinder 
and the concave and the rotor or cylinder speed is to 
some extent an art, especially in unusual and difficult 
threshing conditions. Adjusting the gap between the 
concave and the rotor is a mechanical adjustment and 
generally remains fixed once it is made. 
[0006] Adjusting rotor speed is a more difficult matter 
in that there are a number of factors that can change 
rotor speed. The internal combustion engine, that drives 
the rotor, rotates at an operating speed controlled by a 
governor. Governors are generally mechanical, devices 
that react to changes in engine speed. Well designed 
and manufactured governors allow some variation in en- 
gine speed. This variation in engine speed results in ro- 
tor speed variations. 

[0007] Threshing cylinders and rotors have been driv- 
en by chain drives and belt drives. The output of chain 
drives can be changed by changing sprockets. Chang- 
ing sprockets in the field is time consuming and is not 
something that is undertaken frequently. Belt drives 
have employed variable speed drive sheaves that are 
adjusted from the operator's station. Belt drives in high 
torque applications have a limited operating life and high 



maintenance costs. For that reason it is desirable to 
drive the rotors of combines with axial crop material flow 
with hydraulic pumps and motors. It would also be de- 
sirable to employ a hydraulic pump and motor to drive 
5 a cylinder with tangential flow in a high capacity harvest- 
er. Hydraulic pumps and motors can be designed to de- 
liver high torques and their output speed is easily ad- 
justed. Hydraulic pumps and motors have generally not 
been used to drive rotors due to their cost and because 
10 the output speed of a hydraulic motor varies substan- 
tially depending upon the output torque and the viscosity 
of the hydraulic oil. The viscosity of the hydraulic oil var- 
ies substantially from cold mornings to high mid-day 
temperatures. Crops are harvested in some areas 
'5 where temperature variations of 50°F or more are com- 
mon during a 24-hour period. The volumetric efficiency 
of a new hydraulic pump will vary from 99% at low load 
and low oil temperatures to 94% at moderate to high 
loads and high oil temperatures. The hydraulic motor 
20 has the same change in volumetric efficiency. The 
change in the speed of a threshing rotor in an axial flow 
combine, with a hydraulic pump and motor drive having 
the volumetric efficiencies set forth above, will approach 
14% of the high speed. The change in rotor speed, due 
2S to variations in engine speeds, may increase or de- 
crease a change in rotor speed due to changes in the 
volumetric efficiency of the hydraulic pump and motor 
that result from load changes and temperature changes. 
A change in rotor speed of more than about three per- 
30 cent from the ideal speed would normally be considered 
unacceptable. 

SUMMARY OF THE INVENTION 

35 [0008] An object of the invention is to provide a com- 
bine harvester with an automatic threshing rotor speed 
control system; and/or to provide a combine harvester 
having an axial flow threshing rotor driven by a hydraulic 
pump and motor with a constant rotor speed control; 
to and/or to provide a combine harvester with a hydraulic 
pump and motor rotor drive that can be reversed to drive 
the rotor in a reverse direction and remove blockages 
when the rotor is plugged by excess crop material; and/ 
or to provide improvements generally in such systems. 
45 [0009] In an embodiment, a combine harvester has 
an axial flow threshing and separating rotor. A hydraulic 
pump is driven by an internal combustion engine that 
provides power for operating the combine harvester. A 
hydraulic motor is driven by hydraulic fluid from the 
so pump and drives the rotor. A controller monitors the 
speed of rotation of the rotor and adjusts the position 
ofthe rotor pump swash plate to change pump displace- 
ment when the, measured rotor speed varies from the 
speed setting. 

55 [001 0] The rotor speed setting can be changed by the 
operator in the operator* cab. The direction of rotation 
of the rotor motor can also be changed from the opera- 
tor's cab when necessary to unplug a rotor that has been 
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plugged by excess crop material. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] 

Figure 1 is a side elevational view of a combine har- 
vester separator with parts broken away; 

Figure 2 is a schematic plan view of a combine har- 
vester and harvester drive components; 

Figure 3 is a schematic view of a combine harvester 
threshing rotor speed control; 

Figure 4 is a graph of engine speed and threshing 
cylinder speed without rotor speed control; and 

Figure 5 is a graph showing horsepower increase, 
hydraulic pump pressure increase and engine 
speed decrease with rotor speed control. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0012] The combine harvester generally designated 
by the reference number 1 0 is self-propelled. The com- 
bine frame 12 is supported by two front driven wheels 
14 and 16 and rear steered wheels 18 and 20. The 
wheels 18 and 20 could be driven if desired. The frame 
12 could also be supported by a full track system or by 
half tracks. Half tracks would replace the driven wheels 
14 and 16 only. 

[0013] The combine 10 has a separator housing 22 
mounted on the frame 1 2, an operator's cab 24 mounted 
on the front portion of the frame, a grain tank 26, an en- 
gine compartment 28 and an elevator assembly 30. A 
ladder 32, and a cab access platform 34 provide oper- 
ator access and egress to and from the cab 24. A swing- 
able unloading auger assembly 36 pivots to a position 
extending laterally outward to one side of the combine 
10 to unload the grain tank 26. The unloading auger as- 
sembly 36 swings inward to a storage position shown in 
Figures 1 and 2 when the grain tank 26 is not being un- 
loaded. The engine compartment 28 houses an internal 
combustion engine 38 mounted on the frame 12 above 
the separator housing 22 and to the rear of the grain 
tank 26. 

[0014] The elevator assembly 30 has a conveyor 40 
mounted in an elevator housing 42. The conveyor 40 as 
shown in Figure 1 is trained around rear drive sprockets 
44 and a front drum 46. Pivot assemblies not shown piv- 
otal fy attach the elevator housing 42 to the frame 12 for 
pivotal movement about the axis of the drive sprockets 
44. Hydraulic linear acuators 48 pivot the elevator hous- 
ing 42 to raise and lower the forward end of the housing. 
Headers 50 attach to the forward end surface 52 of the 
elevator housing 42. These headers 50 can be grain 
headers, which sever crop material from the ground, 



pick up headers which lift crop material from the ground, 
corn heads and various other headers designed to har- 
vest specific crops. All of these headers 50 gather crop 
material and feed the crop material to the conveyor 40. 
5 The conveyor 40 conveys crop material through the el- 
evator housing 42 and to the separator housing 22. 
[001 5] Crop mate rial is received by the feed beater 54 
in the separator housing from the conveyor 40 in the el- 
evator housing 42. The beater 54 feeds crop material to 
io an axial flow threshing and separating rotor 56. The rotor 
56 as shown in Figure 1 has a feed section 58, a thresh- 
ing cylinder section 60 and a separator section 62. The 
feed section 58 moves crop material in a spiral path 
about the generally horizontal fore and aft axis of rota- 
'5 tion of the rotor 56, toward the threshing cylinder section 
60 and parallel of the axis of rotation of the rotor. In the 
threshing cylinder section 60, crop material passes be- 
tween cylinder bars 64 and a concave 66 where the 
grain is threshed. Threshed grain, that is not separated 
20 by the concave 66, is separated in the separation sec- 
tion 62 and passes through a separation grate 68. Crop 
material other than grain is discharged from rotor 56 
through the rotor discharge 70. 
[0016] Grain and crop material other than grain that 
2S passes through the concave 66 and the separation grate 
68 is cleaned by a chaffer 72, a sieve 74 and air from a 
fan 76. An upper grain pan 69 gathers grain and chaff 
from the concave 66 and the separation grate 68 and 
conveys the gathered grain and chaff to the chaffer 72. 
30 Chaff is discharged from the rear of the chaffer 72 and 
falls to the ground. Clean grain falls into the clean grain 
auger 78 and is conveyed to the clean grain auger by a 
lower grain pan 79. The clean grain is conveyed to the 
grain tank 26 by the clean grain auger 78 and an elevator 
35 (not shown). Tailings fall into the returns auger 80 and 
are conveyed to the rotor 56 where they are threshed a 
second time. 

[001 7] The threshing and separating rotor 56, as de- 
scribed above, is referred to as an axial flow threshing 

^0 rotor because crop material is moved generally in a di- 
rection parallel to the axis of rotation of the rotor. Com- 
bine threshing cylinders that receive crop material tan- 
gentially and discharged crop material tangentially are 
also used. In these harvesters the cylinder rotates about 

45 an axis that is generally perpendicular to the path of 
movement of crop material. 

[0018] The internal combustion engine 38 mounted in 
the engine compartment 28 drives a rotor pump 82 and 
a traction drive pump 84. The traction drive pump 84 

50 drives a hydraulic motor (not shown) that drives the driv- 
en wheels 14 and 16. The rotor pump 82 drives a rotor 
hydraulic motor 86. The rotor hydraulic motor 86 drives 
the threshing and separating rotor 56 through a plane- 
tary reduction in a gear box 88. 

>s [0019] The speed of the internal combustion engine 
38 is controlled by a governor. The operator of the har- 
vester 10 sets the hand throttle at a maximum speed 
setting. The governor controls the fuel supply to the en- 
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gine 38 to maintain engine speed within a controlled 
range. The engine speed 124 varies with load as shown 
in the graph in Figure 4. The load is due to crop material 
passing through the harvester 10 and the power re- 
quired to move the harvester through the field. The load 5 
due to crop material varies due to changes in the quan- 
tity of crop material, the moisture content of the crop ma- 
terial, the quantity of grain in the crop material and other 
factors. All of these factors vary from place to place in 
a field. The load on the engine 38 from the traction drive 10 
varies depending upon the slope of the surface, soil con- 
ditions, the amount of grain in the grain tank 26, and 
other factors. 

[0020] The typical example shown in Figure 4 indi- 
cates a no load engine speed of 2350 revolutions per '5 
minute (rpm). Under normal load the speed varies be- 
tween about 2200 and 2250 rpm. The speed would drop 
below 2200 rpm and continue to decrease if the total 
horsepower required increases to an amount that ex- 
ceeds the maximum power available from the engine 20 
38. The engine speed variations of up to 50 rpm, in the 
example of Figure 4, results the rotor speed variation 
92. As shown in Figure 4, the rotor speed variation is 
less than 25 rpm. This is a relatively minor change in 
rotor speed and would have a minimal effect on opera- 25 
tion of the harvester 10 if it were the actual rotor speed 
variation. Unfortunately it is not the actual change when 
using a rotor drive that includes a rotor pump 82 and 
motor 86. The volumetric efficiency of the hydraulic 
pump depends upon hydraulic pressure and oil viscos- 30 
ity. The pressure increases with load. The viscosity 
changes with temperature. The volumetric efficiency of 
a hydraulic pump 82 will vary from 0.99 at low load and 
low oil temperature to 0. 94 at high load and high oil tem- 
perature. Harvesters 1 0 frequently work in areas where 35 
ambient temperatures change more than SOT from 
morning to afternoon. The hydraulic motor 86 has a sim- 
ilar drop in volumetric efficiency from early morning to 
afternoon. Such a change in the volumetric efficiency of 
the rotor pump 82 and the motor 86 can result in a 40 
change in the speed of the rotor 66 that exceeds 110 
rpm. That is a significant change in rotor speed and will 
result in grain loss and may cause grain damage. To ac- 
commodate such a change in the speed of the threshing 
rotor 56, a combine operator has had to make frequent 45 
manual adjustments in rotor speed each day. This is a 
substantial burden on an operator of a combine harvest- 
er and takes his time away from other critical tasks. To 
reduce operator workload and improve harvester effi- 
ciency, an automatic speed control 94 has been devel- so 
oped. 

[0021] The automatic rotor speed control 94 is shown 
in Figure 3. The rotor speed control 94 schematic in- 
cludes a rotor speed sensor 96, an electrical displace- 
ment control 98, an electronic controller 100 and oper- 55 
ator controls 102. The rotor speed sensor 96 includes a 
toothed wheel 104 on a rotor shaft 106 and a magnetic 
pick-up 1 08 that is connected to the electronic controller 



100 and transmits actual rotational speed of the rotor 56 
to the controller. 

[0022] The electric displacement control 98 as shown 
in Figure 3 is attached to the rotor pump 82. This dis- 
placement control 98 includes a solenoid that shifts the 
position of the swash plate in the axial piston rotor pump 
82. The swash plate (not shown) is pivotally mounted in 
the pump housing and has a limited range of movement. 
A range of swash plate movement can be further limited 
by swash plate stops in the pump casing or by electronic 
stops in the electronic controller 100. The swash plate 
electric displacement control 98 replaces a mechanical 
swash plate control used on some axial piston hydraulic 
pumps. 

[0023] The rotor motor 86 has a fixed swash plate (not 
shown). The fixed swash plate in the motor can be re- 
placed by an adjustable swash plate if desired. The rotor 
drive would then have two swash plates controlling the 
speed of the rotor motor 86. The speed of the rotor motor 
86 could also be controlled by a moveable swash plate 
in the rotor motor and a fixed swash plate in the rotor 
pump 82. 

[0024] The operator controls 102 include a thresher 
switch 110 and a rotor switch 112. When the thresher 
switch 110 is "OFF", movement of the rotor switch 112 
to the right, as shown in Figure 3, will energize the con- 
troller 1 00 and drive the rotor in the direction for thresh- 
ing grain. Movement of the pressure switch 110 to the 
left will drive the rotor 56 in the reverse direction. Re- 
verse drive of the threshing rotor 56 is explained in more 
detail below. 

[0025] Movement of the thresher switch 110 to the 
"ON" position energized the electric controller 100 and 
allows the controller to activate the displacement control 
98 to bring the rotor speed to the last speed set by the 
operator. To increase the set rotor speed, the rotor 
switch 112 is moved to the right as shown in Figure 3 
with the thresher switch 110 "on". To decrease the set 
rotor speed, the rotor switch 112 is moved to the left. 
The minimum change, instituted by the rotor switch 112, 
in the set rotor speed is about fifteen rpm. When the 
thresher switch is turned "OFF", electronic controller 
100 energizes the displacement control 98 to move the 
swash plate in the rotor pump 82 to neutral and stop the 
flow of oil to the rotor motor 86. 
[0026] Electronic controller 100 receives a rotor set 
speed from the rotor switch 1 1 2 of the operator controls 
1 02 when the thresher switch 1 1 0 is °ON°. The electron- 
ic controller 100 also receives actual rotor speed from 
the rotor speed sensor 96. The actual speed is periodi- 
cally compared with the rotor set speed and if there is 
more than a predetermined difference between the ac- 
tual speed and the set speed, the controller 100 acti- 
vates the displacement control 98 to move the actual 
rotor speed toward the set rotor speed. The time period 
for each comparison by the controller 100 should be a 
fraction of a second because the load on the engine 38 
can change quickly. A variation of less than ten revolu- 
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tions per minute between the actual rotor speed meas- 
ured by the rotor speed sensor 96 and the set rotor 
speed sent to the controller 100 by the rotor switch 112 
results in the displacement control 98 being activated to 
change the actual rotor speed to approach the selected 
rotor speed. The electronic controller 100 activates the 
electric displacement control 98 to change the actual ro- 
tor speed.. 

[0027] The operating speed of the rotor 56 is adjust- 
able between about 200 rpm and 1000 rpm when the 
harvester 10 is equipped with a standard gear box 88. 
With a low speed planetary gear set in the gear box 88, 
the rotor speed is adjustable between about 175 rpm 
and 850rpm. With the low speed gearbox, higher torque 
is available to the rotor for corn, soybeans and other 
crops that thresh at relatively slow rotor speeds. 
[0028] The clearance between the rasp cylinder bars 
64 and the concave 66 is adjustable. Adjustment can be 
made by rotating the rotor 56 backwards, raising the 
concave 66 until a cylinder bar 64 touches the concave 
and then lowering the concave to provide the desired 
gap between the cylinder bars and the concave. To en- 
sure there is no damage to the concave 66 or the cylin- 
der bar 64, the reverse speed of rotation of the rotor 56 
is about 40rpm during concave adjustment. This maxi- 
mum speed of reverse can be obtained by providing a 
mechanical stop that limits the range of pivotal move- 
ment of the swash plate in the rotor pump 82 in the re- 
verse direction. The maximum speed of reverse rotation 
of the threshing rotor 56 can also be limited by the elec- 
tronic controller 100. 

[0029] Threshing and separating rotors 56 occasion- 
ally become plugged or blocked by crop material. This 
crop material is often green or wet and tough. Such 
blockages can generally be; removed by increasing the 
clearance between the concave 66 and the cylinder bars 
64 and driving the rotor in reverse. With difficult block- 
ages it is necessary to rock the rotor 56 back and forth 
several times. For unplugging operations, high torque is 
required. Reverse rotor speed could be 100 rpm or so 
if reverse rotation is not being used for concave as set 
forth above. When the rotor switch 112 is used to rock 
the threshing cylinder 56 in the reverse and forward di- 
rections, the thresher switch 110 is "OFF" and the crop 
feed members 40 and 54 are not driven. After the thresh- 
ing and separating rotor 56 is cleared of crop material, 
the feed member 40 and 56 can be engaged to com- 
pletely clean the machine out. 
[0030] Figure 5 shows the relationship between 
horsepower required 120, pressure increase 122, en- 
gine speed 124 and rotor speed 126 with rotor speed 
control. The horse power required corresponds to the 
horse power supplied by the engine 38 and assumes 
that the increase is continuous during the operation of 
a combine harvester 10. During actual operation of a 
harvester 1 0, there are increases and decreases in the 
power required. However, the graph accurately shows 
the relationship between the curves for the different 



horse power levels. The pressure increase 122 is the 
pressure increas across the hydraulic motor 86. As en- 
gine speed 124 decreases due to increases in the load, 
rotor rpm remains substantially constant. With rotor 
speed constant, threshing efficiency and grain sample 
quality also remain relevantly constant. When the de- 
mand for engine horsepower 120 exceeds engine ca- 
pacity, engine speed will drop rapidly. Also, when the 
hydraulic motor 86 reaches its maximum capacity, fur- 
ther increases in the toad on the motor will decrease ro- 
tor speed and eventually the rotor speed will drop to ze- 
ro. A good harvester operator will not normally push the 
harvester into a condition in which the power required 
exceeds the capacity of the engine 38. 



Claims 

1. A self-propelled combine harvester comprising a 
frame; 

a crop gathering mechanism mounted on a for- 
ward portion of the frame for conveying crop 
material to a separator housing; 
a threshing assembly including a threshing cyl- 
inder rotatably journaled on the frame inside the 
separator housing and a concave mounted on 
the frame adjacent to the threshing cylinder; 
an internal combustion engine mounted on the 
frame for driving the harvester; 
a hydraulic pump driven by the internal com- 
bustion engine ; 

a hydraulic motor, driven by the hydraulic pump 
and connected to and driving the threshing cyl- 
inder; and 

a hydraulic motor speed control including a 
threshing cylinder speed sensor that senses 
the speed of rotation of the threshing cylinder 
and an electronic controller connected to a cyl- 
inder speed selector and the cylinder speed 
sensor which compares threshing cylinder 
speed with a selected cylinder speed and ad- 
justs the hydraulic motor speed to maintain the 
threshing cylinder at the selected cylinder 
speed. 

2. A self-propelled combine harvester as set forth in 
claim 1 wherein the direction of rotation of the hy- 
draulic motor and the cylinder is reversible. 

3. A self-propelled combine harvester as set forth in 
claim 2 wherein the maximum speed of the cylinder 
in reverse is about 1 00 rpm. 



55 4. A self-propelled combine harvester as set forth in 
claim 2 wherein the hydraulic motor drives the cyl- 
inder in reverse at a maximum speed of about 40 
rpm. 
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5. A combine harvester comprising a frame supported 
and propelled by wheels; a crop gathering mecha- 
nism mounted on a forward portion of the frame for 
conveying crop material to a separator housing; a 
threshing and separating rotor rotatably journaled s 
on the frame inside the separator housing; a con- 
cave mounted on the frame that cooperates with the 
rotor to thresh grain; a cleaning assembly mounted 
on the frame inside the separator housing; an inter- 
nal combustion engine mounted on the frame for 10 
driving the harvester; a rotor hydraulic pump mount- 
ed on the frame and driven by the internal combus- 
tion engine; a hydraulic motor, driven by the rotor 
hydraulic pump, mounted on the frame and con- 
nected to the rotor; a pump displacement control 15 
mounted on the rotor hydraulic pump; a rotor speed 
sensor mounted on the frame that sensing the 
speed of rotation of the threshing and separating 
rotor; a rotor speed selector mounted on the frame 
adjacent to an operator's work station; an electronic 20 
controller mounted on the frame and connected to 
the rotor speed sensor, the rotor speed selector and 
the electronic pump displacement control and 
which compares actual rotor speed with selected 
rotor speed and adjusts the rotor hydraulic pump 25 
displacement to maintain actual cylinder speed 
within a selected rotor speed range. 

. A combine harvester as set forth in claim 5 wherein 
the rotor hydraulic pump can be shifted by the [elec- 30 
tronic] pump displacement control to a position in 
which the flow of hydraulic fluid through the hydrau- 
lic motor is reversed and the hydraulic motor drives 
the threshing and separating rotor in reverse to re- 
move blockages. 35 

A combine harvester as set forth in claim 6 wherein 
the concave is adjustably mounted on the frame 
and the hydraulic motor drives the threshing and 
separating rotor in reverse at a maximum speed of 40 
about 40 rpm during concave adjustment. 

A combine harvester as set forth in claim 6 wherein 
the hydraulic motor drives the threshing and sepa- 
rating rotor in reverse at a maximum speed of about 45 
100 rpm. 

A self-propelled combine harvester comprising a 
frame; 

so 

a separator housing mounted on the frame; 
a crop gathering mechanism mounted on a for- 
ward portion of the frame for conveying crop 
material to the separator housing; 
a threshing and separating rotor rotatably jour- s$ 
naled on the frame inside the separator hous- 
ing; 

a concave mounted on the frame that cooper- 



ates with the rotor to thresh grain from crop ma- 
terial received from the crop gathering mecha- 
nism; 

a grain cleaning assembly mounted on the 
frame for cleaning grain received from the 
threshing and separating rotor; 
an internal combustion engine mounted on the 
frame for driving the harvester; 
a hydraulic pump driven by the internal com- 
bustion engine; 

a hydraulic motor, driven by the hydraulic 
pump, and connected to and driving the thresh- 
ing and separating rotor; and 
a controller mounted on the frame and having 
a reverse mode that reverses the direction of 
rotation of the hydraulic motor and the thresh- 
ing and separating rotor. 

10. A self-propelled combine harvester as set forth in 
claim 9 wherein the controller receives threshing 
and separating rotor rotation speed signals from a 
rotor speed sensor, compares the rotor rotation 
speed signals with a selected threshing and sepa- 
rating rotor speed and adjusts the hydraulic motor 
speed as required to drive the threshing and sepa- 
rating rotor at about the selected threshing and sep- 
arating rotor speed. 

11. A self-propelled combine harvester as set forth in 
claim 10 wherein the selected threshing and sepa- 
rating rotor speed used by the controller is adjusta- 
ble. 

12. A self-propelled combine harvester as set forth in 
claim 11 wherein the selected threshing and sepa- 
rating rotor speed is adjustable while the threshing 
and separating rotor is threshing grain from crop 
material. 

13. A self-propelled combine harvester as set forth in 
claim 9 wherein the controller is connected to a 
swash plate displacement control on the hydraulic 
pump and sends signals to the swash plate dis- 
placement control to change the direction of rotation 
and the speed of rotation of the hydraulic motor and 
the threshing and separating rotor. 

14. A self-propelled combine harvester as set forth in 
claim 13 including a rotor speed sensor which 
sends a threshing and separating rotor speed signal 
to the controller, a selector connected to the con- 
troller for inserting a selected threshing and sepa- 
rating rotor speed in the controller, a comparator in 
the controller that compares the threshing and sep- 
arating rotor speed signal with the selected thresh- 
ing and separating rotor speed and wherein the 
controller sends a signal to the swash plate dis- 
placement control to move the swash plate when 
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the threshing and separating rotor speed varies 
more than a predetermined amount from the select- 
ed threshing and separating rotor speed. 

15. A method of controlling the speed of the threshing s 
cylinder of a combine harvester that is driven by an 
internal combustion engine, a hydraulic pump and 
a hydraulic motor comprising; 

running the internal combustion engine at a 10 
speed controlled by an engine governor; 
selecting a desired threshing cylinder speed; 
measuring on actual threshing cylinder speed; 
comparing the actual threshing cylinder speed 
with the desired cylinder speed; and is 



adjusting the output speed of the hydraulic motor 
when there is a significant variation between the ac- 
tual threshing cylinder speed and the desired 20 
threshing cylinder speed. 

16. A method and apparatus for threshing control 
wherein a fluid drive to threshing means is speed- 
controlled in accordance with monitored speed 25 
compliance with a selected or predetermined 
speed. 



30 



35 



40 



45 



50 



55 



7 

06/26/2002, EAST Version: 1.03.0004 



EP 0 914 764 A1 




8 

06/26/2002, EAST Version: 1.03.0004 



EP 0 914 764 A1 




FIG-2 



OPERATOR CONTROLS 



MODE 


ROTOR SWITCH FUNCTIONS 


THRESHER 
OFF 


REVERSE 


OFF 


FORWARD 


THRESHER 
ON 


DECREASE 


INCREASE 



94 



too 



f 96 



ff0 ^ » n 



P0WER*l2v 



II2-J 



POWER 
*!2v 



98 ~\\ 



FIG-3 ) 

82 




ELECTRONIC 
CONTROLLER 



56 




88 



9 

06/26/2002, EAST Version: 1.03.0004 



EP 0 914 764 A1 



FIG-4 



24a 

ENGINE 23 
RPM 

(XIOO) 22\ 

21 

900 

ROTOR 80CH 

RPM _ 
700 

600A 

500 



V-X--. 




TIME- 



FIG -5 



120^ 



HP 
DEMAND 



PRESS 

ENGINE 
RPM 



122^ 



126 

s 



ROTOR 
RPM 



124^ 



TIME- 



06/26/2002, EAST Version: 1.03.0004 



EP 0 914 764 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



AppIlcaUon Number 

EP 98 30 8879 



Category 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Citation of document with indication, where appropriate. 
, of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (tnLCI.6) 



A 
X 

A 



A 
A 
A 



US 4 408 618 A (WITZEL HOMER D) 
11 October 1983 

* column 10, line 45 - line 49; claims 
10,11,26,27; figure 4 * 

GB 2 205 179 A (FORTSCHRITT VEB K) 
30 November 1988 

* page 4, line 6 - page 6, line 11 * 

FR 2 201 818 A (LUCAS ELECTRICAL CO LTD) 
3 May 1974 

* claims 6,7 * 

FR 2 537 386 A (SUNDSTRAND CORP) 
15 June 1984 

W0 87 04894 A (MASSEY FERGUSON SERVICES 
NV) 27 August 1987 

US 4 337 611 A (MAILANDER MICHAEL P ET AL) 
6 July 1982 

FR 1 442 918 A (SPERRY GYROSCOPE COMPANY) 
30 September 1966 



1-5,7,8, 
10,11, 
15,16 
9 



1,5,15, 
16 



6,7 



A01D41/12 
AO IF 12/56 



TECHNICAL FIELDS 
SEARCHED (inLCI.6) 



A010 
A01F 



The present search report has been drawn up for all claims 



Ptact e* Match 


Dan oi compWIoa of the March 


Examher 


THE HAGUE 


28 January 1999 


0e LameilHeure, 0 



X ; particularly relevant if taken alone 

Y : particularly relevant tf comDined win another 

document of trie same category 
A : technological background 
0 : non-written disclosure 
P : intermediate document 



T : theory or principle underlying the Invention 
E : earlier patent document, but published on, or 

after the filing cale 
O : document cited in the application 
L : document cited for other reasons 



4 : member of the same patent famfly, corresponding 
document 



n 

06/26/2002, EAST Version: 1.03.0004 



EP 0 914 764 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 

ON EUROPEAN PATENT APPLICATION NO. EP 98 30 8879 



This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report 
The members are as contained in the European Patent Office EDP file on 

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information. 

28-01-1999 



Patent document 




Publication 




Patent family 


Publir^rtinn 


cited in search report 


date 




member(s) 


date 


US 4408618 


A 


11-10-1983 


NONE 






GB 2205179 


A 


30-11-1988 


DD 


261298 A 


26-10-1988 








DE 


3810724 A 


08-12-1988 








DK 


275988 A 


27-11-1988 | 








FR 


2615904 A 


02-12-1988 


FR 2201818 


A 


03-05-1974 


AU 


6066773 A 


27-03-1975 








CA 


997572 A 


28-09-1976 








DE 


2349821 A 


11-04-1974 








US 


3910286 A 


07-10-1975 








ZA 


7307350 A 


28-08-1974 


FR 2637386 


A 


15-06-1984 


CA 


1204983 A 


27-05-1986 








DE 


3344869 A 


14-06-1984 








JP 


59113826 A 


30-06-1984 








US 


4694648 A 


22-09-1987 


W0 8704894 


A 


27-08-1987 


GB 


2186777 A 


26-08-1987 








AU 


6949987 A 


09-09-1987 








CA 


1284369 A 


21-05-1991 








EP 


0258347 A 


09-03-1988 








US 


4893241 A 


09-01-1990 


US 4337611 


A 


06-07-1982 


NONE 






FR 1442918 


A 


30-09-1966 


NONE 









For more details about this annex : see Official Journal of the European Patent Office, No. 12/82 



12 

06/26/2002, EAST Version: 1.03.0004 



